Pedobacter daejeonensis sp. nov. and Pedobacter trunci sp. nov., isolated from an ancient tree trunk, and emended description of the genus Pedobacter Two Gram-stain-negative, yellow, aerobic and rod-shaped bacterial isolates, designated THG-DN3.18 T and THG-DN3.19 T , were isolated from an ancient tree trunk from Daejeon, South Korea. 16S rRNA gene sequence similarity showed that both strains belong to the genus Pedobacter within the family Sphingobacteriaceae. Strain THG-DN3.18 T exhibited maximum sequence similarity with Pedobacter boryungensis KCTC 23344 T (98.5 %) while strain THG-DN3.19 T exhibited maximum sequence similarity with Pedobacter nyackensis LMG 24260 T (97.3 %). In DNA-DNA hybridization tests, the two strains showed less than 35 % relatedness with respect to closely related species of the genus Pedobacter. Both strains contained iso-C 15 : 0 and C 16 : 1 v6c and/or C 16 : 1 v7c (summed feature 3) as the predominant fatty acids and MK-7 as the major isoprenoid quinone. The DNA G+C contents of strains THG-DN3.18 T and THG-DN3.19 T were 35.5 and 40.1 mol%, respectively. The genotypic analysis, biochemical properties, and phenotypic and chemotaxonomic characteristics indicate that strains THG-DN3.18 T and THG-DN3.19 T represent novel species of the genus Pedobacter, for which the names Pedobacter daejeonensis sp. nov. and Pedobacter trunci sp. nov. are proposed. The type strains are THG-DN3.18 T (5KCTC 42230 T 5JCM 30352 T ) and THG-DN3.19 T (5KCTC 42233 T 5JCM 30353 T ), respectively.
The genus Pedobacter was first described by Steyn et al. (1998) and belongs to the family Sphingobacteriaceae and order Sphingobacteriales. The genus Pedobacter comprises 46 species with validly published names (http://www. bacterio.net/pedobacter.html) isolated from various environments, most frequently soils (Yoon et al., 2007; Luo et al., 2010; Zhou et al., 2012; Oh et al., 2013) . Members of the genus Pedobacter are Gram-negative, rod-shaped bacteria, non-motile or motile by gliding with MK-7 as the major isoprenoid quinone and DNA G+C contents of 36.0-45.0 mol% (Qiu et al., 2014) . Recently, the DNA G+C content range of the genus has been revised by Kook et al. (2014) as 36.0-47.5 mol%. The major fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 and iso-C 17 : 0 3-OH. In this study we determined the exact taxonomic position of strains THG-DN3.18 T and THG-DN3.19 T by means of a polyphasic approach. On the basis of chemotaxonomic and physiological data obtained in this study we report on the new isolates THG-DN3.18 T and THG-DN3.19 T belonging to the genus Pedobacter, isolated from an ancient tree trunk from Daejeon, South Korea.
Samples from different places in Daejeon, South Korea, including an ancient tree trunk were collected in a sterile ziplock bag. The samples were suspended in 0.85 % (w/v) saline solution, vortexed, serially diluted and spread on plates of nutrient agar (NA; Difco). The plates were incubated at 28 u C for 7 days. Single colonies were purified by continuous subculturing on NA. Two bacterial strains, THG-DN3.18 T and THG-DN3.19 T , were obtained and identified by 16S rRNA gene sequence. The isolates were cultured routinely on NA at 28 u C and stored at 280 u C as a suspension in nutrient broth (NB, Oxoid) with 25 % (v/v) glycerol. Strains THG-DN3.18 T and THG-DN3.19 T were deposited to the Korean Collection for Type Cultures and Japan Collection of Microorganisms. For the comparative study, the reference strains were obtained from the Korean Collection for Type Cultures and Korean Agricultural Culture Collection. These strains were cultured under the optimal conditions for strains THG-DN3.18 T and THG-DN3.19 T .
The genomic DNA of strains THG-DN3.18 T and THG-DN3.19 T was extracted and purified using a commercial Genomic DNA extraction kit (Solgent). The 16S rRNA gene was amplified with the universal bacterial primer pair 27F and 1492R (Weisburg et al., 1991) and the purified PCR products were sequenced by Solgent (Daejeon, Korea). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple alignments were performed using the CLUSTAL X program (Thompson et al., 1997) and evolutionary distances were calculated according to the Kimura two-parameter model (Kimura, 1983) . Gaps were edited using the BioEdit program (Hall, 1999) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971 ) and maximum-likelihood methods in the MEGA5 program (Tamura et al., 2011) . In order to determine the confidence levels for the branches (Felsenstein, 1985) , bootstrap analysis with 1000 replications was conducted.
The 16S rRNA gene sequence of the two novel strains determined in this study was a continuous stretch of 1429 and 1434 bp. According to the EzTaxon-e server, strain THG-DN3.18 T shared highest sequence similarity with Pedobacter boryungensis KCTC 23344 T (98.5 %), followed by Pedobacter insulae KCTC 12820 T (96.9 %) and Pedobacter koreensis KCTC 12536 T (96.8 %), and strain THG-DN3.19 T shared maximum sequence similarity with Pedobacter nyackensis LMG 24260 T (97.3 %), followed by Pedobacter nutrimenti DSM 27372 T (96.9 %) and Pedobacter caeni LMG 22862 T (96.8 %) . The sequence similarity between the novel isolates THG-DN3.18 T and THG-DN3.19 T was found to be 95.0 %. In addition, they also showed low sequence similarities (,96 %) with other species of the family Sphingobacteriaceae. The relationship between novel isolates and members of the genus Pedobacter was also evident in the neighbour-joining and maximum-parsimony trees (Fig. 1) ; the maximum-likelihood tree ( Fig. S1 , available in the online Supplementary Material) also showed that strains THG-DN3.18 T and THG-DN3.19 T clearly grouped within the genus Pedobacter.
After culturing for 3 days on NA at 28 u C, the cell morphologies of novel strains were examined at 611 000 magnification, with a transmission electron microscope (model JEM1010; JEOL) ( Fig. S2 ). Gram-staining was determined using a bioMérieux Gram stain kit according to the manufacturer's instructions. Cells were grown in NB for 24 h at 28 u C and then tested for gliding motility by the hanging-drop technique (Skerman, 1967) . Growth on Reasoner's 2A agar (R2A; Difco), tryptone soya agar (TSA; Oxoid), NA, Luria-Bertani agar (LB; Oxoid), marine agar (MB; Difco) and MacConkey agar (Oxoid) was also assessed at 28 u C for 7 days. Growth at different temperatures (4, 10, 15, 18, 25, 28, 30, 35, 37 and 42 u C) was assessed after 4 days of incubation on NA and growth under different pH conditions (pH 4.0-10.0, at intervals of 0.5 pH units) was determined after 4 days of incubation at 28 u C in NB. The following buffers were used to adjust pH values: citric acid/sodium citrate (pH 4.0-6.0), Na 2 HPO 4 / NaH 2 PO 4 (pH 6.0-8.0), Na 2 CO 3 /NaHCO 3 (pH 8.0-10.0) and Na 2 HPO 4 /NaOH (pH 10.0) (Gomori, 1955) . The salinity range for growth was checked by using 0 to 5 % (w/v) NaCl (at 0.5 % intervals) in NB after 4 days of incubation at 28 u C. Growth under conditions such as pH and salinity was estimated by monitoring the optical density at 600 nm. Anaerobic growth was tested in serum bottles containing NB supplemented with thioglycolate (0.1 %) and in which the air was substituted with nitrogen gas. The presence of flexirubin-type pigments was investigated as described by Bernardet et al. (2002) , Reichenbach (1992) and Schmidt et al. (1994) . Heparinase activity was detected by the method of Joubert et al. (1984) . Catalase activity was determined by the production of bubbles from 3 % (v/v) H 2 O 2 solution mixed with freshly grown cells. Oxidase activity was checked by using 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine reagent (Sigma) according to the manufacturer's instructions. Methyl red (MR) and Voges-Proskauer (VP) reactions were tested in Clark-Lubs' medium (Scharlau (1 % chitin from crab shell; Sigma), L-tyrosine (0.5 % Ltyrosine; Sigma), CM-cellulose (0.1 % CM-cellulose; Sigma) and DNA (DNase agar; Scharlau; DNase activity revealed by flooding the plates with 1 M HCl) and were evaluated after 4 days of incubation at 28 u C. Assimilation of energy sources and enzyme activity were further determined by API 20NE (bioMérieux) and API ZYM (bioMérieux), according to the manufacturer's instructions. API 20NE tests were recorded after incubation for 48 h, under the optimal conditions for each strain, while API ZYM tests were recorded after incubation for 10 h. Differential phenotypic characteristics of strains THG-DN3.18 T and THG-DN3.19 T and their closest phylogenetic neighbours are shown in Table 1 .
For quinone and polar lipids analysis, cells were grown in NB at 28 u C, shaken at 160 r.p.m. for 2 days, centrifuged and freeze-dried. Respiratory quinones were extracted from 300 mg freeze-dried cells with chloroform/methanol (2/1, v/v), separated by using hexane and eluted with hexane/ diethyl ether (90/10, v/v); the eluent was then evaporated by rotatory evaporator and dissolved in acetone, according to the method of Collins (1985) . Menaquinone purification was determined by a reverse-phase HPLC system (Alliance 2690 system; Waters) [wavelength 270 nm, solvent methanol/2-propanol (7 : 5, v/v), flow rate 1.0 ml min 21 ]. Polar lipids of strains THG-DN3.18 T and THG-DN3.19 T and their closest phylogenetic neighbours P. boryungensis KCTC 23344 T and P. nyackensis LMG 24260 T were analysed as described by Minnikin et al. (1984) . Separately, each sample was spotted on the corner of a two-dimensional TLC Kiesel gel 60 F254 (Merck) plate (10610 cm), and developed in the first direction by using chloroform/methanol/water (65 : 25 : 4, by vol.) and in the second direction by using chloroform/acetic acid/methanol/water (80 : 15 : 12 : 4, by vol.). TLC plates were sprayed with 5 % molybdatophosphoric acid for detecting total lipids, 0.2 % ninhydrin reagent for detecting aminolipids and 2.5 % a-naphthol reagent for detecting glycolipids. Spraying was followed by heating at 120 u C for 10 min. TLC plates were also sprayed with molybdenum blue reagent for detecting phospholipids; no heating step was needed for this reagent (Fig. S3 ). For fatty acid analysis, the novel isolates and reference strains were cultured on NA at 28 u C for 2-3 days; the biomass from the third quadrant of each plate was collected and used for preparation. Fatty acids were extracted, methylated and saponified as described by the guidelines for the Sherlock Microbial Identification system (MIDI) and were analysed by GC (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock Aerobic Bacterial Database (TSBA 6.1) (Sasser, 1990 ) (see Table S1 ).
For determination of the DNA G+C content, genomic DNA of novel strains THG-DN3.18 T and THG-DN3.19 T was extracted and purified by using a Genomic DNA isolation kit (Solgent). Nuclease P1 (Sigma) and alkaline phosphatase (Sigma) enzymes were used to degrade DNA nucleotides into single nucleosides. The nucleosides were analysed using a reversed-phase HPLC system (Alliance 2690 system; Waters) as described previously (Mesbah et al., 1989) (Gillis et al., 1970) , where 36 u C is the correction for the presence of 50 % formamide (McConaughy et al., 1969) . Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The DNA G+C content of strains THG-DN3.18 T and THG-DN3.19 T were 35.5 and 40.1 mol%, respectively. The DNA-DNA hybridization value of strain THG-DN3.18 T with respect to P. boryungensis KCTC 23344 T was 33.5±1.0. The level of DNA-DNA relatedness for strain THG-DN3.19 T with respect to P. nyackensis LMG 24260 T was 13.7±0.5. This low DNA-DNA relatedness suggests that the novel strains are members of the genus Pedobacter according to Wayne et al. (1987) and Stackebrandt & Goebel (1994) . Steyn et al. 1998 The description is based on that provided by Steyn et al. (1998) , Margesin & Shivaji (2011) and Margesin & Zhang (2013) with the following change. The genus contains oxidase-positive and oxidase-negative species.
Emended description of the genus Pedobacter
Description of Pedobacter daejeonensis sp. nov.
Pedobacter daejeonensis (dae.je.on.en9sis. N.L. masc. adj. daejeonensis pertaining to Daejeon, a city in Korea, from where the type strain was isolated).
Cells are Gram-stain-negative, aerobic, non-motile and rod-shaped (1.5-2.560.5-0.9 mm). Colonies are yellow, round, sticky, convex, have a diameter of 1-2 mm and undulate margin. Catalase-positive and oxidase-negative. Flexirubin-type pigments are absent. Heparinase activity is absent. Shows positive result for MR test but negative for VP test. Grows well on R2A, TSA and NA, but does not grow on MA or MacConkey agar. Weak growth on LB is observed. Grows well on NA at temperatures of 4-30 u C (optimum 25-28 u C), at pH 6.0-10.0 (optimum pH 6.0-8.5) and in the absence of NaCl. Positive for hydrolysis of starch, Tween 20, L-tyrosine, aesculin and CM-cellulose but negative for hydrolysis of Tween 80, chitin, DNA, urea, gelatin and casein. Tests for nitrate reduction and indole production are negative. Carbon assimilation tests (API 20 NE) and enzyme activities (API ZYM) are listed in Table 1 .
The predominant isoprenoid quinone is MK-7 and major polar lipids are phosphatidylethanolamine and some unidentified aminophospholipids. The major fatty acids are iso-C 15 : 0 and C 16 : 1 v6c and/or C 16 : 1 v7c (summed feature 3).
The type strain, THG-DN3.18 T (5KCTC 42230 T 5JCM 30352 T ), was isolated from an ancient tree trunk from Daejeon, South Korea. The DNA G+C content of the type strain is 35.5 mol%.
Description of Pedobacter trunci sp. nov.
Pedobacter trunci (trun9ci. L. gen. n. trunci of a tree trunk).
Cells are Gram-stain-negative, aerobic, motile (by gliding) and rod-shaped (1.5-3.060.2-0.6 mm). Colonies are light yellow, circular, smooth, raised and have a diameter of 1.0-1.5 mm. Catalase-and oxidase-positive. Flexirubin-type pigments are absent. Heparinase activity is absent. Shows negative result for MR-VP test. Grows well on NA, R2A, TSA and LB but not on MA or MacConkey agar. Cells grow best on NA at temperatures of 4-30 u C (optimum 18-28 u C), at pH 6.0-8.5 (optimum pH 6.0-8.0) and with 0-2.5 % NaCl (optimum, 0-0.5 %). Positive for hydrolysis of aesculin, Tween 20, L-tyrosine and CM-cellulose but negative for hydrolysis of starch, Tween 80, urea, gelatin, casein, DNA and chitin. Negative for nitrate reduction and indole production. Carbon assimilation tests (API 20 NE) and enzyme activities (API ZYM) are listed in Table 1 . The predominant isoprenoid quinone is MK-7 and major polar lipids are phosphatidylethanolamine, phosphatidyldimethylethanolamine and some unidentified aminophospholipids. The major cellular fatty acids are iso-C 15 : 0 and C 16 : 1 v6c and/or C 16 : 1 v7c. (summed feature 3).
The type strain, THG-DN3.19 T (5KCTC 42233 T 5JCM 30353 T ), was isolated from an ancient tree trunk from Daejeon, South Korea. The DNA G+C content of the type strain is 40.1 mol%.
